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effects on live performances, digestibility, carcase traits, antioxidant status,
faecal microbial load and economic value
Simone Mancinia , Roberta Moruzzoa , Sara Minieria, Barbara Turchia , Domenico Cerria,b ,
Domenico Gattaa,b , Simona Sagonaa,c , Antonio Feliciolia,b and Gisella Pacia,b
aDipartimento di Scienze Veterinarie, University of Pisa, Pisa, Italy; bCentro Interdipartimentale di Ricerca “Nutraceutica e
Alimentazione per la Salute”, University of Pisa, Pisa, Italy; cDipartimento di Farmacia, University of Pisa, Pisa, Italy
ABSTRACT
The effects of dietary supplementation of tannins mix (quebracho and chestnut) in rabbit diet were
evaluated for productive performances, health parameters and digestibility in order to quantify their
practical utilisation in the rearing system. One-hundred and twenty Martini group hybrid rabbits of
30 days old were fed four different diets for 60 days. The diets were formulated as: basal diet (negative
control, C), basal diet supplemented by 0.3% of tannins mix (T0.3), basal diet supplemented by 0.6%
of tannins mix (T0.6) and basal diet supplemented with coccidiostat (positive control, CC). Live per-
formances did not show any significant differences, moreover, no significant differences were
observed for all carcase traits except for gastrointestinal tract (p¼ .015, lowest values for T0.3 diet).
Also, digestibility of the feed and faecal microbial load was not influenced by tannins addition. Slight
differences between the diets were detected in catalase and glutathione peroxidase concentrations in
plasma, as a common trend was revealed with higher values of C than the other diets. From an eco-
nomical point of view, T0.3 diet showed to be more profitable than CC and T0.6. Tannins addition
might be taken into account as potential feed additive in rabbit feeds, as it does not affect negatively
the productive performances, digestibility and induce a slight increase of antioxidant status.
HIGHLIGHTS
 On an economical point of view tannin diet showed to be more profitable than a diet added
with coccidiostat.
 Addition of tannins in rabbits’ feed did not affect negatively productive performances and
digestibility.
 Tannins represent a valuable feed additive in rabbit farming as a slightly increase of antioxi-
dant status was induced.
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Introduction
Tannins are a complex group of polyphenolic compounds,
which are classified into three major groups as hydrolys-
able tannins, condensed tannins and phlorotannins
(Huang et al. 2018). These molecules, which differ in chem-
ical structure as well as biological characteristics, were
found in terrestrial plants and algae as a defence against
external attacks. Hydrolysable and condensed (also called
non-hydrolysable or proanthocyanidins) are common in
temperate and tropical woods respectively, while, phloro-
tannins are found only in marine brown algae (Chung
et al. 1998; Mueller-Harvey 2006; Huang et al. 2018).
Consumption of tannins could have several nega-
tive effects including hepatotoxicity, toxic nephrosis,
feed intake depression and growth reduction (Mueller-
Harvey 2006), this negative effect has been related to
the possible reduction of protein digestibility, digest-
ive enzymes activity and damages of intestinal mucosa
(Mueller-Harvey 2006).
In the last decades, tannins were largely studied for
their potential use in animal nutrition both for their
antimicrobial and antioxidant properties (Mueller-
Harvey 2006; Tosi et al. 2013; Huang et al. 2018).
Generally, tannins exhibited strong antioxidant
activity (Chung et al. 1998) and could prevent the col-
onisation of intestinal bacteria, protozoa and viruses
(Min and Hart 2003; Biagi et al. 2010; Elizondo
et al. 2010).
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Several tannin species used as feed supplementation
are derived from chestnut (Castanea sativa Mill.) and
quebracho (Schinopsis spp.) woods. It has been shown
that these two types of tannins, belonged respectively
to the hydrolysable and condensed family, affected
several different characteristics. Ranucci et al. (2015)
and Liu et al. (2016) reported that dietary chestnut tan-
nin reduced lipid oxidation in pigs, as well as, decrease
malondialdehyde concentration in meat, serum and
liver of heat-stressed lambs. Similarly, Luciano et al.
(2009) reported that quebracho tannins affected colour
stability during refrigerated storage of sheep meat.
Tannins represent a valuable feed additive also in rab-
bit farming, as could positively affect rabbits in an enter-
opathy infected environment, reducing mortality rate
and enhancing live weight as reported by Maertens and
Struklec (2010) and could have various effects as health
or growth enhancer or on physical-chemical characteris-
tics of meat (Dalle Zotte and Cossu 2009; Gai et al. 2009;
Liu et al. 2009; 2011; 2012; Parisi et al. 2018).
Most of the previously mentioned studies reported
several quantifications on dietary supplementation of one
single type of tannin and no data are available on the
effect of a mix of hydrolysable and condensed tannins.
For these reasons, the main aim of our study was
to evaluate the effects of two dietary doses of chest-
nut and quebracho tannins mix in rabbit diet. Live
performances, digestibility, carcase traits, antioxidant
status, microbial load and economic value were eval-
uated during the growing period.
Material and methods
Animals, housing systems and diets
A total of 160 weaned hybrid rabbits (Martini Group, 30
days of age) were employed in this research study. The
weaned rabbits weighing 826 ± 85.05 g were randomly
allotted into the four experimental groups (30 and 10
rabbits per group for the first and the second experi-
ment, respectively). One group was fed with a commer-
cial pelleted diet (first control group, C), and the other
groups received the same pellet supplemented by coc-
cidiostat (second control group CC) and by a commer-
cial mix of chestnut (Castanea sativa Mill.) and
quebracho (Schinopsis spp.) tannins (Silvateam NUTRI P
powderVR , Ledoga S.r.l., Cuneo, Italy) at the concentra-
tions of 0.3% (group T0.3), or 0.6% (group T0.6). Water
was available ad libitum from nipple drinkers. The com-
positions of the diets are reported in Table 1.
The first trial was carried out at a local farm
(located in Tuscany) with a total of 120 rabbits (30 per
diet treatment). Rabbits were housed in indoor colony
cages (3 rabbits/cage 60 40 32 cm) during summer
(temperature: 23–30 C, mean 27 C; relative humidity:
43–79%, mean 60%; photoperiod of 16 h light phase)
and received ad libitum feed.
Live performances were recorded, as well as,
plasma collections were made. Rabbits, after 60 days
of diet, were slaughtered (see section below) and car-
case traits were quantified. Furthermore, economic
efficiency was calculated.
The second trial was carried out at the Department
of Veterinary Sciences (University of Pisa, Pisa, Italy)
with a total of forty rabbits (10 per diet treatment).
Animals were reared in individual cages in order to
sample individual faeces used to quantify digestibility
and evaluate the microbial load.
At day 35 of life, all rabbits were vaccinated by
intradermal route by means of a live attenuated myx-
omatosis virus vaccine (Dervaximyxo SG33, Merial). A
second dose was provided after 6 weeks.
In both the experiments body weights and feed
intake were registered weekly, morbidity and mortality
episodes were monitored daily.
The experimental protocol was designed according to
the guidelines of the current European and Italian laws
on the care and use of experimental animals (European
directive 2010/63/UE, put into law in Italy with D. Lgs.
26/2014). Chemical composition of the tannin mix was:
750g/kg tannins, 150g/kg non tannin, 80 g/kg water,
and 20g/kg insolubles (pH 4, 0.1mg/mL solution) on FM
basis, ratio chestnut/quebracho tannins was under pro-
ducer’s patent. The total tannin content was determined
according to (ISO 14088:2012).
Slaughter procedures and carcases traits
Ten rabbits from each experimental group (first trial)
were slaughtered at 90 days of age, at the average
weight of 2784± 230.16, with a fasting of 6 h. Rabbits
were electrically stunned and immediately bled.
Table 1. Diets chemical compositions.
Diet
C CC T0.3 T0.6
Dry matter, g/kg 909 918 920 936
Organic matter, g/kg DM 929 928 926 927
Crude protein, g/kg DM 174 174 172 176
Ether extract, g/kg DM 36 37 42 40
Ash, g/kg DM 71 72 74 73
Crude fibre, g/kg DM 150 146 138 148
Neutral detergent fibre, % 397 380 374 386
Acid detergent fibre, % 221 203 203 223
Acid detergent lignin, % 0.50 0.60 0.50 0.60
Hemicelluloses, % 175 177 171 163
Gross energy, MJ/kg 4.36 4.29 4.36 4.37
C: control diet; CC: control dietþ coccidiostat; T0.3: control diet þ0.3 %
tannins mix; T0.6: control diet þ0.6 % tannins mix.
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Slaughter and carcase dissection procedures followed
the World Rabbit Science Association recommenda-
tions (Blasco and Ouhayoun 1996).
The pH after 45min and 24 h of chilling was
recorded on the Longissimus thoracis et lumborum
(measured between 6th and 7th lumbar vertebrae)
and in Biceps femoris muscle (pH meter pH 80
equipped with a S7 2 PORE SLIM electrode; XS instru-
ments, Carpi, MO, Italy).
Plasma samples collection and enzyme
quantifications
On day 0, 20, 40 and 60 of the experimental trial, 10
rabbits per group (first trial) were randomly chosen
and blood samples were collected via the ear vein.
Blood samples were transferred in microtube contain-
ing lithium heparin (Micro tube 1.3mL LH, Sarstedt AG
& Co., N€umbrecht, Germany) then centrifuged at
1500g in a refrigerated centrifuge (TJ-6, Beckman
Coulter, Indianapolis, US) at 4 C for 10min.
Plasma was harvested and stored at 20 C until
assayed. Plasma samples were analysed for the deter-
minations of malondialdehyde (MDA), enzyme activ-
ities of superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GPx). Malondialdehyde
content was quantified by TBARS method assay kit
(Cayman Chemical Company, USA; No.700870),
superoxide dismutase was determined using
Superoxide Dismutase Assay kit (Cayman Chemical
Company, USA; No.706002), catalase was determined
using Catalase Assay kit (Cayman Chemical Company,
USA; No.707002) and glutathione peroxidase was
determined using Glutathione Peroxidase Assay kit
(Cayman Chemical Company, USA; No.703102). Kits
were performed as per manufacturer’s instructions.
Faeces collection and microbial determinations
From rabbits of the second trial (10 rabbits of each
group, individually caged), 5 g of fresh hard faeces were
aseptically collected in a sterile plastic tube and immedi-
ately processed. Collection of samples was performed at
day 0, and every two weeks (days 14, 28, 42 and 56 of
the trial). Each individual sample was diluted in 45ml of
sterile saline solution (1:10 w:v) and homogenised for
further dilutions (1:100–1:10,000,000). Clostridium perfrin-
gens was enumerated on Tryptose Sulphite Cycloserine
(TSC) agar added with egg yolk and Perfringens
Selective Supplement containing D-cycloserine (37 C for
48h, anaerobic conditions); Escherichia coli on Tryptone
Bile X-Glucuronide agar (TBX) (44 C for 48h, aerobic
conditions); Enterobacteriaceae on Violet Red Bile
Glucose Agar (VRBGA) (37 C for 24 h, aerobic condi-
tions); Bifidobacterium spp. on TOS-propionate agar base
added with Lithium-Mupirocin (MUP) selective supple-
ment (TOS-MUP) (37 C for 72h, anaerobic conditions),
and Bacteroides spp. belonging to the Bacteroides fragilis
group on Bacteroides Bile Esculin agar (BBE) (35 C for
48h, anaerobic conditions). All media and supplements
were purchased from Thermo Fisher Scientific (Milan,
Italy), except for TOS-MUP and BBE, which were pur-
chased from Laboratorios Conda (Madrid, Spain). Agar
plates were spreaded with 0.2mL of each dilution and
incubated at the above-mentioned temperatures. Only
for TSC, the pour plate technique was employed adding
to the plates 1mL of each dilution. After incubation, col-
onies with typical morphologies were enumerated.
Results were expressed as log CFU/g of faecal sample.
Digestibility trial
Rabbits of the second trial were used to determine the
total tract apparent digestibility (TTAD), according to
the European standardised method (Perez et al. 1995).
At the 46th day, individual faeces were collected for
four consecutive days and dried in an oven (quantifica-
tion of dry matter, DM) and maintained frozen (20 C)
until analysis. Then, individual samples were pooled
and the TTAD of dry matter, organic matter, crude pro-
tein, ether extract, neutral detergent fibre, acid deter-
gent fibre, cellulose, hemicelluloses and gross energy
of the experimental diets was measured. Feed and
faeces were analysed according to the AOAC (1995)
methods (protocol numbers 930.15, 934.01, 976.06,
920.39, 942.05 and 962.09, respectively for dry mat-
ter, organic matter, crude protein, ether extract,
ash and crude fibre) and Van Soest et al. (1991) for
neutral detergent fibre, acid detergent fibre, acid
detergent lignin and hemicelluloses.
Economic efficiency
The economic efficiency for all experimental diets was
calculated as the ratio between income (price of
weight gain) and cost of feed consumed during the
experimental period (Abdella et al. 1988), these evalu-
ations were based on farmed animals data.
In particular, economic efficiency was calculated
from the equation of Asar et al. (2010):
Economical efficiency %ð Þ ¼ Net revenue eð Þð
=Total feed cost eð ÞÞ  100
where
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It is important to specify that each individual rabbit
received the same costs including labour, veterinary
supervision, housing, water and electricity and miscel-
laneous cost. Hence, all of these parameters were con-
sidered fixed costs for all the diets. For the price/kg live
body weight was chosen the price on the market of
Forlı (Italy) as reference market for the Italian wholesale
in the rabbit sector (price referred to December 2017).
Statistical analyses
Rabbit live performances (body weights on individual
data, feed intake and feed conversion ratio on cage),
carcase traits, enzymes quantifications, microbial deter-
minations, digestibility were statistically analysed via
one-way ANOVA. Tukey’s test was used to determine
the statistical differences between diets when p< .05.
The variability was expressed as root mean square
error (RMSE). Statistical analyses were performed with
R software (R Core Team 2015).
Results and discussion
Live performances and carcase traits
No significant differences were found in average daily
weight gain, feed intake, feed conversion ratio and final
live weight (Table 2). Indeed, the rabbit fed with diets
supplemented with tannins showed similar performance
to those of rabbits fed with C and CC diets. In the past
tannins were described as anti-nutritive substance and
studied for their anti-nutritional effects which reduced
the performance in growing animals (Smulikowska et al.
2001; Mueller-Harvey 2006). In contrast, several Authors
showed lack of differences, or even increased ones, on
the performances of rabbit and other species fed with
diets supplemented by tannins (Liu et al. 2009; 2011;
Omnes et al. 2017; Rivera-Mendez et al. 2017). Similar
results were observed by Liu et al. (2009) in rabbits fed
with chestnut tannins who hypothesised that the reason
might be related to the small amount of tannins supple-
mented in the diet. Furthermore, at low concentration
seems that tannins played a role as a protective factor
of the intestinal mucosa and as a control of peristaltic
activity in presence of digestive disorders.
Slaughter traits and carcase yields are reported in
Table 3. No significant differences were observed for
all carcase traits except for gastrointestinal tract, which
showed lowest values in rabbits fed diet supple-
mented with 0.3% of tannin mix. This might be due to
the fact that the rabbits of group T0.3 showed a lower
feed intake than the other groups which could deter-
mine a lower development of gastrointestinal tract,
even if this difference did not influence significantly
the growth performances.
No differences in carcase traits were also highlighted
by Liu et al. (2009) in rabbits fed inclusion of natural
extract of chestnut wood at 0.5% and 1.0%. As
reported before, tannins could be anti-nutritive sub-
stances in relation to their concentration. For example,
rabbits fed chestnut tannins raised under high ambient
temperature (33 C) showed an improvement in the live
weight and in the hot carcase weight (Liu et al. 2012),
on the other hand, Priolo et al. (2000) reported that
dietary condensed tannins affected negatively the
weight, the yield and the fatness of lambs’ carcases.
Enzymes quantifications
At the beginning of the trial plasma parameters of
rabbits were in the range of 4.43 ± 0.49, 33.85 ± 19.60,
237.50 ± 38.40 and 0.41 ± 0.27, for SOD, CAT, GPX and
MDA, respectively. Plasma parameters of the following
times collection were reported in Table 4.
Both SOD activity and MDA quantification did not
show significant differences among diets. Catalase
activity differed significantly among diets only at day
20 of the trial: T0.3 showed the highest catalase activ-
ity while CC the lowest value, intermediate values
were reported for C and T0.6.
Glutathione peroxidase activity showed significant
differences at all the sampling times: C showed always
the highest value as well as T0.6 the lowest one. T0.3
Net revenue eð Þ ¼ Price of weight gain eð Þ  Total feed cost eð Þ
Price of weight gain eð Þ ¼ Average weight gain kg=rabbitð Þ=kg live body weightð Þ  Price eð Þ
Total feed cost eð Þ ¼ Average feed intake kg=rabbitð Þ=kg feed eð Þ
 
 Price eð Þ
Table 2. Productive performance of rabbits.
Diet
p Value RMSEC CC T0.3 T0.6
Initial LW, g 826 8256 829 822 .99 86.50
Final LW, g 2785 2776 2773 2804 .96 234.40
ADG, g/rabbit d 31.90 31.50 30.80 31.60 .71 3.71
FI, g/rabbit d 89.80 88.40 92.90 89.80 .25 4.97
FCR 2.96 2.93 3.07 2.93 .47 0.22
C: control diet; CC: control dietþ coccidiostat; T0.3: control diet þ0.3 %
tannins mix; T0.6: control diet þ0.6 % tannins mix; LW: live weight; ADG:
average daily weight gain; FI: feed intake; FCR: feed conversion ratio (kg
feed intake/kg of live weight gain).
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values were ranged between C and T0.6, while CC
showed at 60 days value comparable to T0.6.
SOD and MDA values are not in accordance with
the results reported by Liu et al. (2011), in which rab-
bits were fed with chestnut tannins (0.5% and 1%) for
21 days with the initial age of 40 days. They observed
SOD activity increasing and MDA decreasing in plasma
of rabbit fed with both the two different concentra-
tions of tannin.
The CAT activity results at days 40 and 60 are in
accordance with Liu et al. (2011), who highlighted no
significant differences in relation to the diet.
Further discordant data with the previously pub-
lished research article was highlighted by GPX activity.
In fact, Liu et al. (2011) reported that rabbits fed chest-
nut tannin increased GPX activity in relation to the
presence of the substance. This lack of concordance
could be related to the different rearing condition as
well as to the differences of the experimental protocol
(i.e. type of tannins, dose, age of the animals, sam-
pling times, length of diet).
At the best of our knowledge, the molecular mech-
anisms by which tannins could interact with the anti-
oxidant enzymes is not clear. In rabbit it is reported
the presence of proline-rich proteins (PRPs), tannin-
binding salivary proteins (TBSPs), that are effective
precipitators of tannins and their production is
induced by ingestion of tannins (Shimada 2006).
Furthermore, the metabolites 4-O-methyl gallic acid
and pyrogallol were identified in the urine of rabbits
fed a diet containing 0.5% gallic acid (Booth
et al. 1959).
Digestibility and microbial determinations
No differences in dry matter intake and TTAD were
highlighted in relation to the diet (Table 5). These
findings could play an important role in future formu-
lation of rabbit feed as probably tannins do not affect
the palatability of the feed. In facts, tannins could
form complexes with salivary glycoproteins that gener-
ate an astringency sensation and subsequently affect
the feed intake (Gidenne et al. 1998). Results on palat-
ability of tannins in rabbit are contradictory. As
reported by Dalle Zotte and Cossu (2009) and Celia
et al. (2016) quebracho tannins or DigestaromVR feed
additive (that in part contained tannins) affected nega-
tively the palatability of the feed, on the other hand,
Dalle Zotte et al. (2012) and Gai et al. (2010) reported
that chestnut tannins did not influence growth
Table 3. Effect of diets on slaughter traits.
Diet
p-Value RMSEC CC T0.3 T0.6
Slaughter weight (SW), g 2844.10 2768.40 2716.30 2857.90 .43 217.28
Skin and paws, g 474.80 446.20 454.40 498.10 .08 47.34
Full gastrointestinal tract weight, g 570.90a 555.90ab 491.70b 502.80ab .01 61.54
Hot carcase, g 1657.60 1627.50 1646.20 1730.20 .39 140.63
Slaughter yield
Chilled carcase, g 1587.10 1561.10 1551.20 1654.00 .41 147.96
Chilled carcase yield, % SW 55.80 56.38 57.06 57.85 .29 2.45
Reference carcase, g 1338.10 1316.90 1320.40 1387.00 .54 120.44
Hind legs, g 466.60 456.00 457.90 482.40 .48 41.91
pH 45min
Longissimus lumborum 7.04 7.02 7.14 6.99 .37 0.19
Biceps femoris 7.22 7.14 7.12 7.01 .13 0.14
pH 24 h
Longissimus lumborum 5.93 5.84 5.94 5.84 .54 0.20
Biceps femoris 6.04 5.88 5.95 5.94 .17 0.16
C: control diet; CC: control dietþ coccidiostat; T0.3: control diet þ0.3 % tannins mix; T0.6: control diet þ0.6 % tannins mix.
Means in the same row with no common superscripts (a–b) differ significantly (p< .05).
Table 4. Effects of chestnut and quebracho tannins mix on
superoxide dismutase (SOD), catalase (CAT), glutathione per-
oxidase (GPX), and malondialdehyde (MDA) concentrations of
plasma in rabbits.
Diet
Time of
sampling C CC T0.3 T0.6 p-Value RMSE
T1 (20 days)
SOD 4.43 4.18 4.12 4.10 .85 0.72
CAT 25.27ab 16.25b 51.96a 36.26ab .02 18.66
GPX 481.58a 426.82ab 393.29ab 338.53b .01 68.40
MDA 0.29 0.39 0.42 0.35 .68 0.18
T2 (40 days)
SOD 4.57 4.74 4.53 4.30 .86 0.88
CAT 27.52 41.54 27.03 53.72 .12 18.66
GPX 461.20a 403.47ab 357.63ab 269.34b .00 86.74
MDA 0.40 0.23 0.69 0.40 .19 0.35
T3 (60 days)
SOD 4.87 4.53 4.37 4.76 .49 0.59
CAT 32.40 38.24 29.25 27.63 .72 17.09
GPX 481.16a 368.67b 401.35ab 326.22b .00 59.18
MDA 0.44 0.54 0.70 0.28 .51 0.43
C: control diet; CC: control dietþ coccidiostat; T0.3: control diet þ0.3 %
tannins mix; T0.6: control diet þ0.6 % tannins mix.
Means in the same row with no common superscripts (a–b) differ signifi-
cantly (p< .05).
SOD, CAT and GPX expressed in U/ml; MDA expressed in mM.
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performances. As in our trial, a quebracho-chestnut
tannins mix was employed we could hypothesise that
the partial negative effects of the quebracho tannins
were mitigated by the chestnut ones.
Figure 1 shows microbial determinations. No statis-
tical differences among diets for Bacteroides spp. (p-
Value¼.759), Escherichia coli (p-Value¼.170),
Enterobacteriaceae (p-Value¼.112) and Bifidobacterium
spp. (p-Value¼.237) were detected. Furthermore,
Clostridium perfringens loads were always under the
detection limit (<2 log CFU-spores/g).
This is the first study reporting on the influence of
tannins diet supplementation on rabbit hard faeces
microorganism. In general, data on rabbit hard faeces
microbial populations are scarce, especially those
based on culture-dependent methods. This is mainly
due to the fact that most of the Authors looked at the
caecum flora instead, as a better indicator of rabbit
health. However, Michelland et al. (2010) detected no
significant differences between bacterial populations of
soft and hard faeces from those of caecal content.
Later, Schoster et al. (2013), studying a population of
horses, another hindgut-fermenting species, high-
lighted the stability of microbial profile from caecal
content samples to faecal samples. These findings lead
to hypothesise that the microbial profile of faecal sam-
ples could be representative of distal gastrointestinal
tract. Thus, as suggested by Kylie et al. (2018) hard
Table 5. Total tract apparent digestibility (TTAD, %) of the four experimental diets.
Diet
p-Value RMSEC CC T0.3 T0.6
Dry Matter Intake, g/d 84.11 84.92 85.08 86.62 .81 2.09
TTAD, %
DM 62.03 65.48 63.42 61.54 .47 3.73
Organic matter 63.00 66.19 63.98 62.07 .46 3.72
Crude protein 79.24 79.27 79.44 77.93 .86 2.69
Ether extract 85.37 82.02 88.98 84.53 .08 3.06
Neutral detergent fibre (NDF) 35.42 39.28 32.72 32.41 .44 6.49
Acid detergent fibre (ADF) 28.65 28.76 24.91 27.45 .86 7.32
Cellulose (ADF-Acid detergent lignin) 28.72 28.79 24.97 27.49 .86 7.31
Hemicelluloses (NDF-ADF) 43.96 51.33 42.02 39.20 .07 6.00
Gross energy 63.98 66.52 65.10 63.10 .59 3.65
C: control diet; CC: control dietþ coccidiostat; T0.3: control diet þ0.3 % tannins mix; T0.6: control diet þ0.6 % tannins mix.
Figure 1. Microbiological determinations of hard faeces. C (control diet): black line; CC (control dietþ coccidiostat): dark grey line;
T0.3 (control diet þ0.3% tannins mix): grey line; T0.6 (control diet þ0.6% tannins mix): light grey line.
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faeces samples could allow studying the caecal health
status in an accurate and non-invasive way. Our find-
ings show that 0.3% and 0.6% of tannin supplementa-
tion to rabbit diet did not affect the targeted
microorganisms loads. As concerns, Clostridium perfrin-
gens enumeration, for all groups at all sampling times,
loads were lower than the detection limit. This data
reflected the good health status of animals included in
the study and the optimal environmental management.
As expected, E. coli and Enterobacteriaceae loads
showed similar trends with no significative differences
among groups or sampling times. Loads were always
higher than 4 log CFU/g. However, these data are not
representative of an E. coli infection since, as reported
by Blanco et al. (1996), E. coli from healthy rabbits gen-
erally display different characteristics from those associ-
ated with diarrhoeic phenomena. Looking at beneficial
microorganisms, Bacteroides spp. represented the most
abundant population, with loads always higher than
4.5 log CFU/g. As reported by Zeng et al. (2015), this
genus seems to be among those overrepresented in
hard faeces and correlated to the healthy growth of
rabbits. Finally, Bifidobacterium spp., also remained sta-
ble among different groups with concentration always
higher than 4 log CFU/g.
The general lack of a decrease in microbial loads of
faecal samples from rabbit groups fed with tannins-
supplemented diets seems to contrast with the
numerous reports on tannins antimicrobial activity
(Huang et al. 2018). However, it is important to con-
sider that most of the studies carried out in vitro ana-
lysis. On the other hand, the observed stability in
microbial population of hard faeces could reflect the
ability of gastrointestinal microorganisms to adapt to
tannins presence in the diet, as reported by Smith and
Mackie (2004). Indeed, these Authors observed that
after 3 weeks of intake, the proportion of tannins-
resistant microorganisms, especially Gram negative,
such as Enterobacteriaceae and Bacteroides spp.,
increased significantly in rat’s faecal bacter-
ial population.
Economic efficiency
No statistical differences were highlighted for morbid-
ity rate and mortality rate; thus, these two parameters
were not taken into account for the calculation of eco-
nomic efficiency.
The results of the economic evaluation are sum-
marised in Table 6. Regarding total feed cost, control
group C showed the lowest value followed by group
T0.6, group T0.3 and group CC. Concerning the price
of weight gain, the value/rabbit obtained for group
T0.6 is the highest, followed by C, CC, and finally
T0.3. Feeding dietary treatments with a commercial
mix of chestnut and quebracho tannins resulted in a
negative effect of improving net revenue, especially
with concentrations of 0.3%. This disadvantage, in
comparison with the control diet, has been due both
to a higher feed intake (þ3.43%) and a higher feed
price (1.95%), together with a lower weight
gain (0.78%).
On the other side, the T0.6 group presents just the
same feed intake with a higher weight gain (1.14%),
but higher feed price (3.89%): in this way the net rev-
enue is almost the same of the control group. Finally,
the best economic efficiency is for group C, followed
by group T0.6, CC, T.03. The relative economic effi-
ciency is lower for all the experimental diets in com-
parison with the control group: group T0.6 followed
by groups T0.3 and CC.
Table 6. Economic efficiency of the experimental diets.
Diet (Indexes; C¼ 100)
C CC T0.3 T0.6
Average feed intake, kg/rabbit 5.39
(100.00)
5.30
(98.49)
5.57
(103.43)
5.39
(100.04)
Feed price, e/kg 0.33
(100.00)
0.36
(107.37)
0.34
(101.95)
0.35
(103.89)
Feed cost, e 1.82
(100.00)
1.93
(105.75)
1.92
(105.44)
1.89
(103.94)
Average weight gain, kg/rabbit 1.95
(100.00)
1.95
(99.58)
1.94
(99.22)
1.98
(101.14)
Price, e/kg 2.44 2.44 2.44 2.44
Price of weight gain, e 4.78
(100.00)
4.76
(99.58)
4.74
(99.22)
4.83
(101.14)
Net revenue, e 2.95
(100.00)
2.83
(95.77)
2.82
(95.37)
2.94
(99.42)
Economic efficiency Relative economic efficiency 1.62
(100.00)
1.47
(90.56)
1.46
(90.44)
1.55
(95.65)
Values indicated in italics referes to the Indexes when C¼100. C: control diet; CC: control dietþ coccidiostat; T0.3: control diet þ0.3 % tannins mix; T0.6:
control diet þ0.6 % tannins mix.
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These results indicate that inclusion of coccidiostat
in rabbit diet was not profitable, from the economic
point of view, where compared with other diets. At
the same time, tannins can be used effectively as a
feed ingredient in the diet of growing rabbits without
a relevant negative effect on the economic efficiency
only at a level of 0.6%.
Conclusions
Under the conditions assayed, no modifications were
highlighted on growth, carcase traits, digestibility and
economic efficiency of the rabbits, without inducing
modification in microbial load of hard faeces. On the
other hand, a positive effect was observed on enzyme
concentration in plasma of rabbits fed the two diets
added with tannins mix with profitable revenue than
the coccidiostat added diet. However, due to limited
literature on the topic, further research is needed to
evaluate the potential practical application of this mix
in rabbit rearing.
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